The effect of increasing ionic strength on adenosylcobalamin-dependent methylmalonyl-CoA mutase from Propionibacterium shermanii was studied by using analytical ultracentrifugation. Both sedimentationvelocity and low-speed sedimentation-equilibration measurements show that the enzyme dissociates progressively into its two dissimilar subunits with increasing ionic strength. Equilibrium between the a,-dimer and the separated subunits is rapidly established under these conditions. Dissociation is accompanied by loss of enzymic activity, but the position of the equilibrium is unaffected by the presence of either substrate or adenosylcobalamin cofactor.
INTRODUCTION
Methylmalonyl-CoA mutase is one ofseveral adenosylcobalamin-dependent enzymes that catalyse unusual rearrangements involving the carbon skeleton of the substrates (Barker et al., 1964; Kellermeyer & Wood, 1969; Kung et al., 1971) . The first step in these rearrangements is the homolytic cleavage of the carbon-cobalt bond of adenosylcobalamin at the active site of the enzyme to produce a 5'-deoxyadenosyl radical. This then abstracts hydrogen from the substrate to give 5'-deoxyadenosine and a carbon-based substrate radical (Abeles, 1979; Golding & Rao, 1986 ). The substrate radical is then presumed to rearrange to give a product radical, followed by replacement of hydrogen to give product and regenerate the cofactor. Despite numerous chemical studies on models of these reactions (Babior & Krouwer, 1979; Dolphin, 1982; Tada et al., 1988) , the exact nature of the rearranging species and the manner in which the enzyme controls the course of the reaction remain obscure. This is due in large part to the lack of structural information for any of these enzymes.
Methylmalonyl-CoA mutase catalyses the interconversion of succinyl-CoA (3-carboxypropionyl-CoA) and (2R)-methylmalonyl-CoA both in animal tissues and in propionate-producing micro-organisms (Retey, 1982) . The enzyme from Propionibacterium shermanii is an c,4-dimer in solution (Zagalak et al., 1974; Francalanci et al., 1986) with an apparent Mr of about 150000 (Francalanci et al., 1986) , and is one of the smallest and simplest of adenosylcobalamin-dependent enzymes studied so far.
An improved purification of the enzyme (Francalanci et al., 1986) has provided homogeneous enzyme in sufficient quantities for detailed structural studies to be undertaken. The structural genes for both subunits of the enzyme have been cloned and sequenced (Marsh et al., 1989) . Preliminary X-ray-diffraction data have been obtained for crystals of a pink cobalamin-containing form of the enzyme (Marsh et al., 1988) . Here we report the results of studies, using sedimentation velocity and low-speed equilibrium ultracentrifugation, on both this pink form and the apoenzyme, which show that subunit dissociation is brought about by an increase in the ionic strength. The degree of dissociation, though, is unaffected by the presence of substrate or cofactor.
MATERIALS AND METHODS

Materials
The purification of methylmalonyl-CoA mutase (EC 5.4.99.2), methylmalonyl-CoA epimerase (EC 5.1.99.1) and methylmalonyl-CoA carboxytransferase (EC 2.1.3.1) from P. shermanii and the sources of all other reagents and chemicals have been given previously (Leadlay, 1981; Leadlay & Fuller, 1983; Francalanci et al., 1986.) Enzyme assay Methylmalonyl-CoA mutase was assayed with succinyl-CoA as a substrate, by coupling the formation of (2R)-methylmalonyl-CoA to the action of methylmalonyl-CoA epimerase, transcarboxylase and malate dehydrogenase and monitoring the fall in NADH concentration by the change in A340. This was carried out essentially as described by Zagalak et al. (1974) Cohn & Edsall, 1943) , and this partial specific volume was assumed to be constant for all the conditions used in this work. Correction of measured sedimentation coefficients for solvent viscosity and density was done in the usual way, to convert them into values at standard conditions of water at 20.0°C (see, e.g., Creeth & Pain, 1967 (Creeth & Harding, 1982) , where the speed is sufficiently low to allow adequate resolution of the fringes near the base of the cell (see, e.g., Fig. 1 ). In this method, the concentration at the air/solution meniscus remains finite, and can be calculated from the fringe data (Creeth & Harding, 1982 & Harding, 1982 ). An independent estimate for the initial concentration is not required. Point weight-average Mr values (Mr,w) were obtained by using sliding-strip quadratic fits to the observed fringe data (see, e.g., Harding, 1984 Creeth & Harding, 1982) . Similarly, the error estimates for Mr,w(a), Mr,w(b) (Table 1 ). significant decrease in the S20,w value with increase in Changes in hydration, or a change to a more extended conformation, could account for these data. Because of the high rotor speeds required (47000 rev./min), effects of hydrostatic pressure on the monomer-dimer equi- 0.6 librium cannot be excluded (Fujita, 1975) , although this (a) difficulty does not apply to the case of low-speed sedimentation equilibrium (Fujita, 1975 When the salt concentration was increased, the M: 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 progressively decreased, reaching 85000 + 5000 at 2.0 MAr (mm) (NH4)2SO4 (Fig. 3b) , with a corresponding decrease in the difference between Mr,w values at the meniscus and Fig. 2 . Sedimentation-velocity traces from methylmalonyl-CoA base (approx. 85000 and approx. 87000 respectively) mutase as shown in Fig. 4 . These observations correlate well The rate of sedimentation under various conditions of with the observed changes in sedimentation coefficient ionic strength was monitored by using scanning u.v. optics (Fig. 3a) . in Fig. 3 activation of the enzyme by NH4+ ions, which has been noted for some other adenosylcobalamin-dependent enzymes, albeit at much lower concentrations (Morley & Stadtman, 1970; Toraya et al., 1971 (Francalanci et al., 1986) of 7.7 S (at 3.0 mg/ml) and 165000 respectively in NaCl/ sodium phosphate buffer, pH 7.0 and I0.1 (Leadlay, 1981) . The value of 165 000 for M, was also obtained by these workers using low-speed equilibrium. Nucleotide sequence analysis of the structural genes (Marsh et al., 1989) has indicated that the total Mr of the dimer is 149 602. We have re-measured and confirmed the higher s20,w value of the enzyme in the above phosphate buffer: by using the methods in this paper, a value of 7.67 + 0.05 S was obtained at a protein concentration of 0.6 mg/ml and 7.72 + 0.15S at 1.5 mg/ml. These results strongly support the idea that in 50 mM-Tris/HCl buffer there is already partial dissociation of the enzyme.
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In Table 1 , we have also given estimates of the point weight-average Mr extrapolated to zero (fringe) concentration. For the range of salt concentrations analysed, a value of approx. 85 000 + 8000 is obtained. This is in reasonable agreement with the weighted average (74 800) of the Mr values of the two dissimilar subunits, assuming that they are in rapid equilibrium with the dimer form. Lower values for the sedimentation coefficient (7.1 S) and Mr°W (125 000) have been obtained by Zagalak et al. (1974) in phosphate buffer, perhaps because of differences in the enzyme preparations (Francalanci et al., 1986) .
The results in this paper explain at least in part why, during the fractionation of methylmalonyl-CoA mutase from Propionibacterium shermanii with (NH4)2SO4, the bulk of the holoenzyme activity is lost. The dissociation of the enzyme into a-and f-subunits probably exposes the bound cofactor to attack by 02 or water, and generates the inactive pink form of the mutase. As yet, it has not been possible to separate the (highly homologous) subunits in a native form, to allow more detailed examination of the roles of individual subunits in binding either substrate or cofactor. Expression of individual subunits from the cloned genes may open the way to such studies, as a useful complement to the X-ray-crystallographic analysis (Marsh et al., 1988) .
